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DETERMINATION OF LOW CONCENTRATIONS OF METHANE 
IN COAL-MINE-AIR SAMPLES BY INFRARED 
ABSORPTION SPECTROMETRY~/ 


by 


P. Je Colbaseanie” and H. A. Wat son—’ 


INTRODUCTION 


Samples of mine atmospheres collected by Federal coal-mine inspectors during 
their inspections and investigations of coal mines, in accordance with provisions 
of the Federal Coal Mine Safety Act (66 Stat. 692; 30 U. S. C., secs. 451-483) are 
analyzed routinely by chemical methods at Bureau of Mines laboratories, When sam- 
ples collected in open workings of nongassy coal mines at points not less than 12 
inches from the roof, face, or rib contain 0.25 percent or more methane, the act 
requires the operator, during operation of such mine, to comply with the provisions 
of sec. 209, Title II, of the act, which pertain to gassy mines. The methane con- 
tents of such samples are determined by a physical method based on infrared absorp- 
tion spectrometry to provide an independent check on analytical results obtained by 
chemical methods, This information circular describes the equipment and procedures 
used by the Bureau for determining low concentrations of methane in coal mine at- 
mospheres by infrared absorption spectrometry. 
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DESCRIPTION OF METHOD 


Principle 


Methane absorbs radiation in the infrared region of the spectrum and can be 
identified by its characteristic absorption pattern, In coal-mine-air samples meth- 
ane may be determined quantitatively by measuring the proportion of energy absorbed 
at a wavelength of 7.66 microns, where it exhibits its strongest absorption.—/ Since 


1/ Work on manuscript completed December 1957, 

2/ Supervisory analytical chemist (Spectroscopy), Gas Analysis and Research Section, 
Branch of Health Research, Bureau of Mines, Pittsburgh, Pa. 

/ Chief, Gas Analysis and Research Section, Branch of Health Research, Bureau of 
Mines, Pittsburgh, Pa, 

/ Friedel, R. A., Spectrometric Investigations of Atmospheric Pollution: Anal, 
Chem., vol, 28, 1956, pp. 1806-1810. 
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the energy absorbed, expressed as “optical density" or "absorbance," does not in- 
crease linearly with methane concentration, an empirical calibration curve made with 
accurately known concentrations of methane in air is used to evaluate the absorption 
data obtained during analysis of an unknown sample. The absorbance measurements 
during calibration and analytical procedures are made at the same preselected total 
gas pressure in a gas cell and under the same instrumental conditions, 


The theory and application of these principles to the set by a of methane-con- 
taining gases have been described by McGovernS/ and others, 6-12/ 


Apparatus 


The infrared instrument used in this work is a commercially built, dispersion- 
type, recording, double-beam spectrophotometer utilizing the optical null principle. 
Its function is to supply an infrared absorption spectrum of a sample by irradiating 
it and measuring the infrared radiation transmitted at successive frequencies over a 
selected wavelength region. The instrument and accessories are shown in figure l. 


A Nernst glower, which consists of an electrically heated columm of rare-earth 
oxides, furnishes a source of radiant energy. By means of suitable optical compo- 
nents, radiation from this source is separated into 2 beams, 1 of which passes 
through a cell containing the gas sample to be examined; the other bypasses the cell 
to serve as a "reference" beam, A multiple-wedge type of diaphragm in the reference 
beam is movable into or out of the beam so that the intensities of the two beams may 
be brought to a balance or "null" point. The two beams then are combined by a rotat- 
ing sector mirror that alternately transmits one beam (reference beam) and reflects 
the other (sample beam) in the same direction as the transmitted beam. The composite 
beam passes through a monochromator to a thermocouple-type detector. If the two 
beams are equal in intensity, no output is observed from the detector, If an in- 
frared-absorptive gas is present in the cell the intensities of the two beams become 
unequal, and a pulsating voltage is generated by the detector. This electrical ef- 
fect, after being amplified electronically, actuates a motor to move the diaphragm 
device into the reference beam to reduce its intensity enough to reestablish the 
balance, A pen coupled to the diaphragm mechanism continuously records the balance 
point on a chart on a rotating drum, thus furnishing a permanent record of the 


5/ McGovern, J. J., Spectrometric Analysis of Methane: Seminar talk pres. at 
Mellon Institute, Pittsburgh, Pa., October 1945, 

6/ Coggeshall, N. D., and Saier, Eleanor L., Analyses of Mixtures of Light Gases 
by Infrared Absorption: Jour, Appl. Phys., vol. 17, 1946, pp. 450-456, 

7/ Seyfried, W. D., and Hastings, S. H., Short-Cut Methods of Infrared Analysis: 
Anal, Chem., vol. 19, 1947, pp. 298-304, 

8/ Delsemme, A. H., (Infrared Spectrographic Determination of Trace Components in 
Gases): Congr. groupement avance, method, anal. spectrograph. produits met., 
vol. 12, 1949, pp. 125-127. 

9/ Stroupe, J. D., Infrared Analysis of Certain C,-C, Hydrocarbon Mixtures: Anal, 
Chem., vol, 22, 1950, pp. 1125-1128. 

10/ Mellon, M. G., Analytical Absorption Spectroscopy: John Wiley & Sons, Inc., 
New York, N. Y., 1950. 

1l1/ Barthauer, G. L., Haggerty, Alice, and Friedrich, R. J., Analysis of Synthesis 
Gas: Anal. Chem., vol. 25, 1953, pp. 256-259, 

12/ Montigny, Pierre, Beer's Law in Infrared Spectrometry. Apparatus-Error Correc- 
tions and Analytical Applications: Congr. groupement avance, méthod. anal. 
spectrograph, produits mét., vol. 16, 1953, pp. 57-77. 
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FIGURE 1. - Double-Beam, Dispersion-Type, Recording Infrared Spectrophotometer. 


infrared energy transmitted by the sample, Figures 2 and 3 show spectra of air, and 
air containing carbon monoxide, methane, and ethane, respectively, 


The monochromator is an optical system consisting of prism, mirrors, and slits 
to disperse the composite beam so that radiation of only a narrow range of frequen- 
cies reaches the infrared-sensitive detector at a given time during the wavelength 
region traversed, The effective frequency or wavelength of the radiation reaching 
the detector depends on the position of the prism and the width of the slit openings; 
it may be altered by rotating the prism, which is accomplished, in effect, by rotat- 
ing a mirror behind the prism and by varying the slit widths, 


The instrument is designed so that the wavelength range may be traversed at 
various controlled speeds and with various slit openings, Slit- and wavelength-con- 
trolling mechanisms and recorder chart drum are actuated by electric motors, After 
the instrument has been adjusted for a selected program of wavelength scanning speed 
and slit openings, the operation of producing a spectral chart for a sample becomes 


1 


Digitized by Gor gle THE OH OST 


BANIXIW] AI y-@PIXOUOW UOGsD>) D JO PUD Ay JO D4yDedg posDsyul - *7 FUNDS 
+— 56 


Sroe lI e 


a, 
in nd pt gas en 
| BOnei Het PULSGROGRERARRRRRN ERLE ae manne: 


ESCHER CECA 
eos TTT TTT Js 062 = 00 ur aan 
9 worssesdiing || | | ral Hh HH meee ee idles 
arse 7m Paes BURARERGGRORGGEA 


: Se caeRaat 
ELL ea min 


i : | 
< ‘ rah oe ' ' a 
Jn a ee Sseves (ies 
7 SHE eH brs SEE EDEL aSEE EEE Be 
j ! dt ty aaroy a I 
=e 4 i | 


on om Rs 3 oe eos ou oon 


caer : 
3 a fee th rife 


SRE =e 


SH Hai ea a 


SJTU RE TELAT ar eg oe ae ae ea 


MLR aE HEH inn 


oogle 


C 


"SOINIXIW JI\y-OUDYJA PUD Aly-OUDUJOW JO D4yDedg paujyjul - “¢ AYNIAIS 


be 


a3 


enous z MADE TRAV 


‘aa 
STE He : rE chet TE Sue 


a) Se 
zi Ht SO RLSURPU REN EEE 
T 


on Sn 


Ht WobBaHRnagace 
! SERDBEREREAE 


esate 


we 
¢ 
a SO ETT TT Ty- CE AR ESEUE DEREEREEOL GEREE SORE ASEEEREREGEEAEEEE su unuessusstatsbassusnaynendaHaua4e¥eus:cusuiuauiisucucuucszsastasess sHsaGEeesioases 
a | | 
Here CPT tt es Hy NnAHs HEV EUPEEETOOO00 HA ESEECOOGOTSHTEEHTTESOOGGATAALGHTIPSSRs HTL 
Ur esnsseud 1010] 

OPIS nssaud : a e 
vorsadins [tid ey fan | uw $2 = i ibaa aes Nee ee ee ee TUT TITIHLL 
mea Happen bene | ery STEHT tate te papi feee  nee bet : 
ve Hater an HHH TeMnnATEGoS HEECGODPLUEGGS AF EEOEEE 

voRnjosay HRT Suita tae ee EEE EEE ET SAAASAHAVAKRAAVATAGEATHHOGE PT EE EET 
wud ebb URRRRREE ina CURR RRRE aa ine URRY ARRAARRRIC TERRE Ea (vt SERRE PEELS cof ti be teeta k 
PEEEEETEL LTD ETE Herts PERGS RARER RRUAAGSREGGRRARESS IDGREREROGSU RACER REAL | BEDCEZURRRECERRECERERRE iS 


eee eeee tithefeies RERRU ERAS eNA SORTER SRLUGRNS IMMER RARER RCERG HRGRAAGRIEE pepe ify 

: Ce GFAHATGSGUNFARSGEESU0E00 000020001 (AREURUERERIMEAHE RERRURRRERRRALEGREE | bette 
Op mM ET ith tH BORA cee TRAERCRMAO TSAR CRRRARTR RO SRRAD TD ETT LiCHGT EGET SLEEPER 
TELL LAS TT ETT FR A LH RHEL He mt 
See ee ear Reece RAEN caRRL ee tA bee mpage 1 LLY Tet 
mT Ati DMbunuaaanuaunnsnceraaszacsnscece pe er TEN Nvidajebattetdateeerederreprrrr ty | PRET || err aT Pit | 
j L HLA TERE CE EEL Ge ch ie PEEL Rliial PELE SEE FLEE EE HEHE EEE Ee EH 

| RSEAIRARHURRRRARRRRERCRNSRECEORRRRE snONeseane REROGREE it PALACE HSH ROREDGRRGEER PPE EET EEE EE 
peehelp Rees a EEL | be Gangs vanOUEERRAGS ETE HH HH 
= ae 
wnareds FTP TTT EE EEE THERE terete eEeE EET POPPE TE EEEEEEDEEEEE 


FE PO 08 FU 08 Oe 0 OS 0 Se 0 STS. See ee rete ee REe ETA PE Eee SateT Oar asESHese¥Gc. #a¥s/aeGsGOHGHSNEN..UHSHSHGHSEUCANMHME. ,UGHSS/NSQNIAUSENG_NGHGRSGES 


oogle 


automatic. The width of slit openings and wavelength values are shown continuously 
on indicators during the recording of a spectrum, 


The spectrophotometer is equipped with a sodium chloride prism, The gas cell, 
which is fitted with potassium bromide windows, has an optical path length of 1 meter 
and a volume of approximately 950 milliliters, With these prism and window materials 
the useful wavelength range extends from 2 to 15 microns. 


The gas sample to be examined is drawn from its container and introduced into 
the evacuated gas cell by means of a simple transfer device consisting of a mercury- 
filled reservoir with an attached leveling bottle. Gas pressures in the cell are 
measured with a mercury-filled closed-end manometer. . 


Calibration 


An empirical calibration curve relating absorbance measurements to partial pres- 
sures of methane in the sample cell is prepared using standard mixtures containing 
known concentrations of methane in air, The calibration procedure follows: 


(1) A portion of calibration mixture is introduced into the evacuated gas cell 
and the gas pressure (P)) measured, enabling the partial pressure of methane to be 
calculated: 


percent by volume 
100 


(2) Air is introduced into the cell until a total gas pressure (P59) of 730 milli-~ 
meters of mercury is attained, 


Partial pressure of CH, = CH,» X PL (mm, Hg). 


(3) Four successive infrared absorption spectra for the 6- to 9-micron wavelength 
range are recorded at a scanning speed of approximately 4 minutes per micron and a 
fixed slit opening of 0.066 millimeter, as shown on the slit-opening indicator, Cor- 
responding "zero" lines, representing complete absorption of infrared radiation, are 
traced after an opaque shutter is placed in the sample bean, 


These spectra for quantitative measurement of methane are recorded with the 
chart drum rotating at a rate of speed twice that for which the chart paper is cali- 
brated, This does not affect the wavelength scanning rate but merely expands the 
spectrum longitudinally with respect to the printed wavelength scale to facilitate 
defining the tips of the absorption peaks. 


(4) The absorption of infrared radiation by methane at the 7.66-micron peak is 
evaluated from the 4 spectral tracings by the "base-line" technique.13_14/ Figure 4 
illustrates the manner in which the base-line absorbance is determined from a recorded 
spectrum, A straight line (baseline) is drawn between spectral points at 7.1 and 8,3 
microns on the tracing. The distance between the base line and the zero line, rep- 
resenting the radiation (I,) transmitted when methane is not present in the sample, 
is measured, The distance between the zero line and the tip of the absorption peak, 
representing the reduced radiation (I) transmitted when methane is present, is 


13/ Wright, N., Application of Infrared Spectroscopy to Industrial Research: Ind. 
Eng. Chem,, Anal. Ed., vol. 13, 1941, pp. 1-8. 

14/ Heigl, J. J., Bell, M. F., and White, J. V., Application of Infrared Spectros- 
copy to the Analysis of Liquid Hydrocarbons: Anal, Chem., vol. 19, 1947, pp. 
293-298, 
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Recorded spectrum 
of sample 
Distance from A to C=I, = transmission through 

B gas cell when methane is not present. 

Distance from B to C= I= transmission through 
gas cell when methane is present. 

Io 


I 


Methane absorbance=Log,o 


Zero transmission 


FIGURE 4. - Determination of Absorbance of Methane by Baseline Method. 


similarly measured. From these two distances, measured at the same wavelength on 
the chart, the base-line absorbance is computed: 


Absorbance = Logig Io. 
I 


Since four spectral tracings are made, the I,/I ratio is determined for each and the 
absorbance calculated from the average I,/I value, 


(5) A calibration curve in which partial pressure of methane is plotted versus 
base-line absorbance is constructed from data obtained thus under identical experi- 
mental conditions with several mixtures containing known concentrations of methane, 


The representative calibration curve shown as figure 5 was based on 12 calibra- 
tion points obtained with 6 calibration mixtures, In the present application 
the calibration range has been limited to a maximum partial pressure of methane of 1 
millimeter of mercury, The range may be extended to higher partial pressures of 
methane if desired, 


Google 


To 
I 


ABSORBANCE = LOGi9 


SEE EEE 
“SOC E e- 


14 


ae pf ef ty 


| ac dukal 
a 


SS 


poet Meet de dess CGAP 


Ee eRe SERRE ARS SRR 
ERR RRR eae 
SRA RESERY ARSE 
SSASSERKS CEARERSAUSAREAER 
ERR ARR 
See ee ARERR RRR REAR SEARS 
ERREES  RSRAKEES RARER SNES E 


12 


10 


.08 


0.36 0.44 0.52 0.60 0.68 0. 
PARTIAL PRESSURE OF METHANE, MILLIMETERS OF MERCURY 


FIGURE 5. - Calibration Curve for Determining Low Concentrations of Methane 
in Mine Atmospheres. 
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Determination of Methane in Air Sample 


The procedure for determining the methane content of an air sample is similar 
to that described under "Calibration," The sample is drawn into the evacuated cell 
and its pressure (P}) measured, Air is introduced until a total pressure of 730 
millimeters of mercury is attained, Four spectra are recorded for the 6- to 9-micron 
wavelength range, using the same scanning speed and slit openings as in calibration, 
Corresponding zero transmission lines also are recorded, I, and I values are meas- 
ured on each spectrum, the I,/I ratio calculated and averaged, and the base-line 
absorbance computed: 


Absorbance = Logig I, average, 


The partial pressure of methane equivalent to the calculated absorbance is read from 
the calibration curve, The concentration of methane in the sample, then, is 
calculated: 


Methane, percent by volume = Partial pressure of CH, x 100, 


Pi 
PROCESSING SAMPLES FOR INFRARED ANALYSIS 


During inspections by Bureau of Mines personnel, samples of mine atmospheres are 
collected in evacuated bottles of 200 to 250 milliliters capacity and analyzed in the 
laboratory by gas volumetric-combustion methodsi>/ for contents of carbon dioxide, 
oxygen, and methane, Carbon monoxide determinations, if required, are made by volu- 
metric or colorimetric chemical methods, depending on the concentration encountered, 


When it has been found, by volumetric-combustion analysis, that the methane con- 
tent of a sample collected in a nongassy mine is 0.25 volume-percent or greater, no 
further analyses are made by this method, as it is desirable to conserve as much 
sample as possible for carbon monoxide determination and infrared examination, 


Before infrared analysis approximately 50 milliliters of the air sample is 
withdrawn and analyzed for carbon monoxide content by a colorimetric procedure ,L6/ 
The combustion analysis is corrected for carbon monoxide, if present, An alterna- 
tive procedure is to make the carbon monoxide determination in sample withdrawn from 
the infrared gas cell following that analysis, This procedure has the advantage 
that a larger volume of the original sample is available for the infrared analysis 
but has the disadvantage that the carbon monoxide determination must be made after 
the original sample has been diluted with several volumes of air, 


The remaining sample is transferred to the infrared gas cell, its pressure (P}) 
measured, and air added until a total gas pressure of 730 millimeters of mercury is 
attained in the cell. P, values obtained usually fall in the range of 90 to 130 
millimeters of mercury. A spectrum for the 2- to 15-micron-wavelength range is 


15/ Watson, H, A., and Berger, L. B., Equipment for Analyzing Mine Atmospheres, 
With Special Reference to Haldane-Type Apparatus: Bureau of Mines Inf. Circ. 
7728, 1956, 51 pp. 

16/ Polis, B. D., Berger, L. B., and Schrenk, H. H., Colorimetric Determination of 
Low Concentrations of Carbon Monoxide by Use of a Palladium Chloride-Phospho- 
molybdic Acid-Acetone Reagent: Bureau of Mines Rept, of Investigations 3785, 
1944, 13 pp. 
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prepared for record purposes and for qualitative examination, The quantitative de- 
termination of methane then is made as described under "Determination of Methane in 
Air Sample." Four spectra are recorded for the 6- to 9-micron-wavelength range for 
measurement and evaluation of energy absorption by methane at 7.66 microns, 


The mine-air sample is pumped from the gas cell and the cell flushed several 
times with air, The cell is reevacuated and a certified mixtureL/ containing 0.26 
+.01 percent by volume of methane in air is introduced into the cell in sufficient 
amount to establish the same P] pressure value that was used in analyzing the sub- 
ject mine-air sample. Air is added until a total pressure of 730 millimeters is 
attained, Four spectra of the certified mixture are recorded for the 6- to 9-micron- 
wavelength range with the same instrumental conditions used in analyzing the mine- 
air sample, Two of these spectra are recorded on the same chart bearing the latter 
two spectra of the mine-air sample, permitting direct comparison of absorption peaks 
of the known mixture with those of the mine-air sample, Even without evaluating ab- 
sorption peaks in terms of methane by use of a calibration curve, these recorded 
spectra immediately furnish a visual means for determining whether or not the methane 
content of the mine-air sample is greater or less than 0,25 percent, 


The measurement and evaluation of the absorption peaks in terms of methane con- 
centration are made for the sample and the certified mixture following the procedure 
described in this circular. 


Figures 6 and 7 show spectra obtained during analysis of an air sample from a 
coal mine, The pressure of sample introduced into the evacuated cell was 100 milli- 
meters of mercury (P]). Air was added to produce a total gas pressure of 730 milli- 
meters in the cell (Pj). Figure 6 shows one 2- to 15-micron tracings and two 6- to 
9-micron tracings of the coal-mine-air sample. Figure 7 shows two 6- to 9-micron 
tracings of the coal-mine-air sample, upon which 2 tracings of the standard methane- 
air mixture have been superimposed for comparison, Figure 7 also shows, on a separate 
chart, two additional 6- to 9-micron tracings of the standard methane-air mixture, 


The analytical data and results are summarized as follows: 


Concentra- 
Partial tiongt 
1/ pay, CH4,— 
I,— I of CH,,4 percent by 
mm, I,/I | Logj9 °/T mm, volume 


Coal-mine-air sample .......| 137.0] 108.5 
137.7 | 109.4 
137.0; 109.2 
136.51 107.9 
Average 0.314 0.31 
Standard methane-air mixture| 137.0] 111.8 
136.5} 112.8 
137.5] 112.8 
137.21113.4 
Average 26 


l/ Measured on 6- to 9-micron spectral tracings. 
2/ Read from calibration curve, 
3/ Calculated from CH,, percent = 


Partial pressure of CH, 
Pi 


x 100, 


17/ Prepared and certified by National Bureau of Standards, U. S. Department of 
Commerce, Washington, D,. C. 
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DISCUSSION 


Infrared absorption spectrometry permits methane to be determined without in- 
terference from low concentrations of ethane and carbon monoxide that may be present 
in coal-mine-air samples, This is evident from figures 2 and 3, which show four 
spectra - of dry air and of air mixtures, respectively, of carbon monoxide, methane, 
and ethane - over the wavelength range of 2 to 15 microns, The partial pressure of 
the added gas (carbon monoxide, methane, or ethane) was approximately 2.5 millimeters 
of mercury, which, in the P, sample pressure range (90 to 130 millimeters) normally 
obtained with the mine-air-sample volumes available for analysis, represents volume 
concentrations of the order of 1.9 to 2.8 percent. Air was added as a diluent to 
produce a total gas pressure of 730 millimeters in the cell. 


The principal regions of absorption are indicated on the spectra for the added 
gases, The approximate positions (wavelengths) at which the absorption maxima occur 
are: 


Microns 
Carbon monoxide 4.6 and 4,7 
Methane 3.3 and 7.7 
Ethane 3.4, 6.8, and 12,2 


Absorption peaks common to all of these spectra at approximately 4.3, 13.9, and 15.0 
microns are those of carbon dioxide, Nitrogen and oxygen do not exhibit infrared ab- 
sorption peaks, The shape of the methane absorption spectrum in the neighborhood of 
the 7.66-micron peak, with its associated "fine structure," is characteristic of this 
gas and serves as a reliable means for its identification, 


The accuracy of the determination of methane at the concentration point of par- 
ticular interest (0.25 percent, by volume) may be estimated from results of repeti- 
tive analyses of the certified comparison standard mixture containing 0.26 +,.01 per- 
cent of methane, Over a period of 2 years this mixture was analyzed 28 times, with 
the following distribution of values: 


Methane, percent by volume Frequency 
0.23 l 
24 1 
2. 7 
26 10 
eet 9 


The maximum value obtained was 0.01 percent high; the minimum value was 0.03 percent 
low. Approximately 90 percent of the values varied not more than +0.01 percent. 


CONCLUSIONS 
Infrared absorption spectrometry may be used under the conditions described to 


identify and determine methane accurately without interference from low concentra- 
tions of other gases that might be present in coal-mine air. 
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